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Work Domain Analysis of a Predecessor Sodium-
cooled Reactor as Baseline for AdvSMR Operational 

Concepts 

1 Introduction and Background 
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2 Project Objectives and Scope 

2.1 Significance 

2.2 Assumptions and Constraints 
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3 Methodology 
3.1 Cognitive Work Analysis Methodology Background 
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3.2 CWA model components 

Table 1: Cognitive Work Analysis Phases

CWA Phase  Product 
Work Domain Analysis Abstraction Hierarchy and Abstraction-Decomposition 

Framework 
Contextual Activity Analysis Decision Ladders 
Strategies Analysis Course of Action, Information Flow Map 
Social Organization and Cooperation Analysis Combination of previous 
Worker Competencies Analysis Skills, Rules, Knowledge Inventory, high-level function 

allocations 

 

 Systems focus

 Context

 Interactions

 Holism

 Emergence
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 Embedding

We believe that the quality of representing the work domain constraints will
ultimately determine effectivity and efficiency; that is, it will determine the quality of performance and
the level of effort required

3.3 The Work Domain Analysis Method 

why what
how who
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3.3.1 Abstraction Hierarchy  
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 Functional Purposes

2. Values and Priority Measures

3. Purpose Related Functions

4. Object Related Processes

5. Physical Objects

causal

tightly coupled
causal systems user driven intentional systems
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Figure 1: Characterizing system constraints 
(Adapted from Naikar, 2013) 
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3.3.2 Means-Ends Links 

Figure 2: AH for Generic Abnormal Operations 
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3.3.3 Abstraction-Decomposition Framework 

Figure 3: Abstraction-Decomposition Framework Format 
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Figure 4: Conventional System Breakdown Structure 

3.3.4 Contextual Activity Analysis 
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Figure 5: Contextual Activity Template 

3.3.5 Strategies Analysis 
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Figure 6: Strategies Analysis Diagram 

3.4 Remaining CWA models 
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4 Work Domain Analysis Results for EBR-II 
4.1 EBR-II as a Predecessor Design 
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Figure 7: EBR-II Plant Layout 

Figure 8: Simplified EBR-II Flow 



Operational Concepts for Advanced Small Modular Reactors 

 page 27 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 2

8 

Fi
gu

re
 9

: E
B

R
-I

I F
un

ct
io

na
l F

lo
w

 a
nd

 R
el

at
io

ns
hi

ps
 –

 P
ri

m
ar

y,
 S

ec
on

da
ry

 a
nd

 S
te

am
 S

ys
te

m
s 



Operational Concepts for Advanced Small Modular Reactors 

 page 29 

 

 

 

 

 

 

4.2 EBR-II Operational Characterization 

Table 2: EBR II Operational and Design Characteristics

Characteristic Description 

Plant Mission 1. Proof-of-concept – viability of sodium cooled fast reactor, reactor safety, fast 
breeder (fuel production), fuel performance, fuel recycling and reprocessing, 
waste reduction, and electric generation.  

2. Irradiation and fuel testing for future fast reactors (Fast Flux Test Facility 
(FFTF) and the Clinch River Breeder Reactor Project (CRBRP)). 

3. Operational safety testing - subjecting fuel and the plant to off normal 
conditions such as operation of fuel with breached cladding and ultimately, 
the reactor inherent-safety demonstration tests, which subjected the reactor to 
anticipated transients without scram. 

4. Integral Fast Reactor prototype, including demonstration of non-aqueous 
reprocessing and fuel recycling technology. 

5. Decommissioning, yielding important information about the technology of 
sodium processing for disposal. 

Physical plant configuration Single reactor, single steam generator, single power generator. 
Reactor Building separated from the Power Plant, Sodium Boiler Building and 
Fuel Reprocessing Facility. 

Operating pressures and 
temperatures 

Reactor coolant is at atmospheric pressure - bulk sodium temperature at 695-
705°F. Liquid sodium does not need to be kept at high pressure, even at very high 
temperatures. Sodium also has a high boiling point (> 1640°F at atmospheric 
pressure). The reactor is characterized by low-pressure primary systems that 
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Characteristic Description 

eliminate fast events associated with water-cooled reactors, such as loss of 
coolant accidents (LOCAs). 

Engineered Safety Features  No penetrations through wall of primary tank; all penetrations are through the 
top. A guard tank surrounded the primary tank with an annulus between them, 
which allows for detection of sodium leakage. The guard tank is in turn 
surrounded by concrete shielding which acts as a final containment vessel. Were 
leakage to occur in both the primary and guard tank, the core would not be 
uncovered and would be adequately cooled. 
The pool-type primary system also provides distinct advantages. Its large thermal 
capacity limits the severity of thermal transients and therefore limits stress on the 
primary tank and components submerged within it. The piped pool configuration 
allows for the majority of the primary sodium to be at reactor inlet temperature, 
further increasing the capacity of the sodium to absorb heat in the event of an 
upset. All primary system components are submerged in this relatively cold pool 
of sodium, which proved to be beneficial for their operating reliability and ease 
of removal for maintenance or repair. It also minimizes the potential for leakage 
of primary sodium, since all penetrations are through the top of the vessel. 
Decay heat can be removed from the primary sodium by shutdown cooler 
thimbles immersed in the primary sodium and filled with sodium-potassium, 
which removes decay heat by natural convection, and forces flow of air through 
the annulus between the primary tank and its guard tank. Because decay heat 
removal does not depend on the secondary sodium loop, sodium in that loop can 
be drained to a storage tank for maintenance or in the event of a sodium leak. The 
secondary sodium loop is designed such that a severe reaction between sodium 
and steam would not endanger the reactor.  
The steam generators are double-wall tubes to minimize the potential for leakage. 
The tube sheets are configured such that there is a plenum between the two tube 
sheets at each end, which provides a path for sodium or steam to travel if one of 
the tubes were to fail, facilitating detection. 

Cooling systems  No active safety injection system is required. The reactor is designed for 
passive cooling and rejects heat by conduction and convection. Heat 
rejection to an external water-cooled heat sink is not required. 

 No safety-related pumps for accident mitigation. No need for sumps and 
protection of their suction supply. Core cooling can be maintained using 
natural circulation. 

 Automatic reactor shutdown system upon loss of electric power. Reduced 
need for manual scram. 

 No operator intervention required for safety injection. No need for manual or 
mental calculations. Fewer emergency operating procedures (EOPs) 
required. Passive safety systems ability to remove core heat, leads to 
significant safety enhancement. 

 No operator action required for coolant pump failures or leaks. No need for 
leak calculations. 

Fuel Uranium alloy metal fuel pins in a subassembly of 91 pins in hexagonal stainless 
steel cladding tubes, providing a versatile and “forgiving” fuel design, able to 
accommodate a wide range of compositions and providing a large degree of self-
protection in response to off-normal events. 

Breeder Reactor Concept The Breeder Reactor concept is based on the premise that nuclear power should 
be produced by “burning” natural uranium (depleted uranium as long as it is 
available) and is accomplished by converting uranium-238 to plutonium in fast 
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Characteristic Description 

reactors. In this process, plutonium functions as the catalyst for consuming 
uranium-238 and the reactor is fueled with uranium-238. 

Fast Reactor Concept From the beginning, it was recognized that fast reactors would be significantly 
different from thermal (neutron moderated) reactors. The much smaller neutron 
cross-sections, both fission and capture, led to an entirely different geometry and 
design of these reactors. The fast reactor required high fuel density and relatively 
high fuel enrichment to achieve criticality in a fast neutron environment in which 
the fission cross-section is small. On the other hand, a broad choice of materials 
was permissible for reactor structures and coolant, also because of the small 
neutron capture cross-sections.  
Fast reactors are relatively insensitive to fission product buildup and their effect 
on reactivity of the reactor. This unique characteristic of fast reactors to tolerate 
fission product buildup made it feasible to incorporate into the EBR-II a fuel 
recycle process that did not remove all of the fission products. Although these 
fission products capture neutrons, the impact on the total neutron balance is 
insignificant. 

Fuel Handling Fuel Handling processes are divided into two broad categories: 
 Unrestricted operations: those that are performed with the reactor shut down. 

It involves the movement of subassemblies between the reactor and 
intermediate storage in the storage rack with the reactor shutdown, and the 
control rods disconnected from their drives. This includes fuel transfer 
operation and fuel transport operation. All of these operations are performed 
in the primary tank with the subassemblies submerged in, and cooled by, 
sodium.  

 Restricted operations: those that were performed with the reactor in 
operation. It involves transfer of subassemblies between the storage rack and 
the inter-building coffin (IBC), using the fuel-unloading machine (FUM), 
including the transition from sodium as the coolant, to argon gas as the 
coolant for spent assemblies, and the transition from gas to sodium for new 
or reprocessed subassemblies. These transitions occur as the subassemblies 
are transferred between the sodium environment in the primary tank and the 
inert gas environment in the fuel unloading machine and vice versa. 

Fuel transport operations involves the transport of subassemblies between the 
IBC transfer station in the Reactor Plant and the air cell in the Fuel Cycle 
Facility. It includes the transport through the equipment air lock between the 
buildings, which maintains the containment integrity of the reactor containment 
building. Both the fuel transfer and fuel transport operations could be performed 
while the reactor was operating. It was intended that these operations be 
performed as needed to meet the requirements of the external fuel cycle (i.e., 
recycle or storage/disposal). 

Containment  No pressurized containment was required, therefore no operator action was 
required to activate containment systems to reduce steam pressure or to 
remove radioiodine from containment. 

 The containment design reduces the level of challenge to the containment 
vessels and building by means of an integral primary system. By integrating 
the reactor and primary cooling systems in the containment, catastrophic 
LOCAs are eliminated.  
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Characteristic Description 

 Access to the containment building is not restricted during operations, unlike 
LWR designs. 

Non-proliferation The use of on-site fuel recycle as pioneered by EBR-II, eliminates the shipment 
of irradiated material, thus making it far less accessible to would-be proliferators, 
and decreases the opportunity for theft or misappropriation. The absence of the 
need for shipment through public space eliminates the public safety concerns 
about shipping highly-radioactive or toxic materials. 

Shutdown requirements Negative temperature coefficient of reactivity and lower shutdown margin help to 
avoid power excursions, which means less need for active safety systems, and 
enables the reactor to shut down without operator action in the unlikely event of a 
LOCA and resulting rise in temperature. 

Staffing and Crew roles and 
responsibilities 

Crew consists of Shift Manager, Reactor Operator, Secondary Sodium Operator, 
Panel Coolant Operator, Field Coolant Operator, Power Plant Operator (includes 
Electric Plant), and Chemistry Technician 

I&C and human-system 
interaction 

Predominantly analog and hardwired systems used for I&C.  A small number of 
digital instruments. 

Normal Operations Reactor at full power, primary and secondary cooling systems fully operational, 
argon cover gas system functional, primary tank heaters deenergized, generator 
power output nominal 20MWe, emergency diesel generators in standby. 
The reactor would load follow easily, responding through reactivity feedback as 
inlet coolant temperature changed in response to changes in power demand. No 
operator action is required in such a case. Metal fuel is not adversely affected by 
cyclic changes in power and temperature, which coupled with its strong tendency 
to maintain a constant average core temperature, greatly facilitates its ability to 
load follow. EBR-II could be easily controlled by fixing control rod position and 
controlling power demand at the steam turbine.  

Abnormal operations Typical Anticipated Operational Occurrences: reactor scram (manual or 
automatic), secondary sodium system water-to-sodium leak, minor earthquake, 
major leak in reactor outlet piping, loss of normal power.  

Procedures Normal and emergency operator procedures conducted as prescribed by plant 
policies. 

Hazards The only significant hazards identified in the PRA include external events such 
as fire, floods and earthquake. The dominant internal event is a sodium leak 
leaking to water/aid interaction. The PRA found that EBR-II was relatively 
insensitive to human error and few important human actors for nuclear safety are 
identified. For example, there is little or no requirement for electrical power to 
prevent fuel damage. The majority of human actions are focused on plant asset 
protection. It was shown that risks associated with EBR-II operation were 
substantially lower than typical LWR plants, an order of magnitude less. The 
EBR-II risks would have been lower still except for its seismic response. 
(Subsequent plants employ seismic isolation to mitigate even this risk). 

Maintenance Maintenance techniques were proven, with exposure to personnel less than 10% 
of that for a comparable Light Water Reactor (LWR). 
Sodium also has a high boiling point (> 1640°F at atmospheric pressure) 
allowing the primary and secondary systems to be low-pressure. Consequently, 
there is no potential for high-pressure ejection of coolant. This feature is 
important for maintenance activities and is a major reason that there were no 
injuries from sodium leakage over the course of EBR-II operation. 
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Characteristic Description 

Safety Testing The EBR-II plant was subjected to all of the Anticipated Transients without 
Scram (ATWS) events without damage to fuel and SSCs, demonstrating the self-
protecting characteristics of a metal-fueled fast reactor. 
The first of these tests was loss of all pumping power with failure to scram, 
simulating a station blackout with failure to scram.  
The second test subjected the reactor to loss-of-heat-sink (secondary sodium flow 
stopped) without scram.  

4.3 EBR-II Operating Scenarios 
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4.3.1 Mode and State Analysis 

Figure 10: EBR-II State Transition Diagram 
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Mode 4: Plant Shutdown (Cold Shutdown)

Mode 4a: Unrestricted Fuel Handling

Mode 3: Plant Standby (Heatup)

Mode 2: Plant Startup (Hot Standby)

Mode 1: Power Operations (Steady State)

Mode 1a: Restricted Fuel Handling
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Plant Heatup
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Plant Cooldown

 

 

 
Secondary System Partial Drain and Recovery

 

 

 

4.3.2 State Matrices 

 

 

 

 

 

 

 

 

 

 

4.3.3 Scenario Analysis 
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4.3.4 Operator Performance Shaping Factors 
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4.3.5 WDA products 
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4.3.6 Abstraction-Decomposition Framework and System Breakdown Structure 
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Figure 11: EBR-II System Decomposition (Extract) 
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5 Basis for Future Operational Concepts 

 Operating states

 Operational Coordination of multiple units

 Human Automation Collaboration

 Control systems for multiple units

 HSI for multiple units
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6 Conclusion 
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7 Further Work Planned for FY 2014 

7.1 Human Performance Requirements for AdvSMR Designs 
August 2014 Develop application guidance for Human Performance considerations for AdvSMRs.

7.2 Refinement and Extension of Work Domain Analysis for an Advanced 
Sodium-Cooled Reactor Design 

March 2015 Develop a complete WDA for a selected or generic FSR design.
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9 APPENDICES 
9.1 Appendix A: EBR-II State Matrices 

 

 

 

 

 

 

 

 

 

 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

3 

Ta
bl
e
4:
EB
R
II
St
at
e
M
at
ri
x
fo
r
Pr
im
ar
y
Sy
st
em

s
an
d
N
or
m
al
O
pe
ra
ti
on
s

EB
R
II

N
or
m
al
O
pe

ra
tio

ns
St
at
e
M
at
rix

 

Sy
st

em
/ M

od
e 

U
nr

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
Pl

an
t (

C
ol

d)
 

Sh
ut

do
w

n 
Pl

an
t (

H
ea

tu
p)

 
St

ar
tu

p 
Pl

an
t (

H
ot

) 
St

an
db

y 
Po

w
er

 O
pe

ra
tio

n 
(S

te
ad

y 
Po

w
er

) 
R

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
 

  
(T

hi
s i

s t
yp

ic
al

 fu
el

 
sh

uf
fli

ng
 w

ith
 th

e 
re

ac
to

r 
sh

ut
do

w
n)

 

(T
yp

ic
al

 p
la

nt
 

sh
ut

do
w

n 
fo

r 
m

ai
nt

en
an

ce
) 

  
(A

 c
on

di
tio

n 
of

 
re

ad
in

es
s –

 r
ea

dy
 

to
 g

o 
to

 p
ow

er
) 

  
(S

te
ad

y 
Po

w
er

 
O

pe
ra

tio
ns

 –
 

A
llo

w
s f

or
 

su
ba

ss
em

bl
ie

s t
o 

be
 r

em
ov

ed
 

fr
om

/p
la

ce
d 

in
to

 
th

e 
fu

el
 b

as
ke

t 
on

ly
) 

R
ea

ct
or

 C
oo

lin
g 

Sy
st

em
 

R
C

Ps
: S

/D
 

R
C

Ps
: S

/D
 

R
C

Ps
: 3

2 
– 

98
%

 F
lo

w
 

R
C

Ps
: 1

00
 %

 
R

C
Ps

: 1
00

%
 F

lo
w

 
R

C
Ps

: 1
00

%
 F

lo
w

 

  
A

ux
 P

um
p:

 S
/D

 
A

ux
 P

um
p:

 S
/D

 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 

  
Pr

im
ar

y 
Fl

ow
: 0

 g
pm

 
Pr

im
ar

y 
Fl

ow
: 0

 g
pm

 
Pr

im
ar

y 
Fl

ow
: 1

00
%

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: 1

00
%

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: 1

00
 %

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: 1

00
 %

 
(9

00
0 

gp
m

) 

  
B

ul
k 

N
a 

Te
m

p:
 

B
ul

k 
N

a 
Te

m
p:

 3
50

-
69

5 
F 

B
ul

k 
N

a 
Te

m
p:

 3
50

-
69

5 
F 

B
ul

k 
N

a 
Te

m
p:

 6
95

 –
 

70
5 

F 
B

ul
k 

N
a 

Te
m

p:
 6

95
 –

 
70

5 
F 

B
ul

k 
N

a 
Te

m
p:

 6
95

 –
 

70
5 

F 

  
C

or
e 

co
ol

in
g:

 N
/A

 
C

or
e 

co
ol

in
g:

 S
/D

 
C

oo
le

rs
 

D
el

ta
 T

em
p:

 2
 F

/m
in

 
R

at
e 

(m
ax

) 
D

el
ta

 T
em

p:
 1

83
 F

  
D

el
ta

 T
em

p:
 1

83
 F

 
D

el
ta

 T
em

p:
 1

83
 F

 

  
R

x 
Po

w
er

: 0
%

 
R

x 
Po

w
er

: 0
%

 
C

or
e 

co
ol

in
g:

 IH
X

 
C

or
e 

co
ol

in
g:

  
C

or
e 

co
ol

in
g:

 IH
X

 
C

or
e 

co
ol

in
g:

 IH
X

 

  
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
R

x 
Po

w
er

: 0
-1

00
%

 
R

x 
Po

w
er

: 0
%

 
R

x 
Po

w
er

: 1
00

%
 (6

2.
5 

M
W

t) 
R

x 
Po

w
er

: 1
00

%
 (6

2.
5 

M
W

t) 

  
Pr

im
ar

y 
Ta

nk
 H

ea
te

rs
: 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

4 

EB
R
II

N
or
m
al
O
pe

ra
tio

ns
St
at
e
M
at
rix

 

Sy
st

em
/ M

od
e 

U
nr

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
Pl

an
t (

C
ol

d)
 

Sh
ut

do
w

n 
Pl

an
t (

H
ea

tu
p)

 
St

ar
tu

p 
Pl

an
t (

H
ot

) 
St

an
db

y 
Po

w
er

 O
pe

ra
tio

n 
(S

te
ad

y 
Po

w
er

) 
R

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
 

En
er

gi
ze

d 
En

er
gi

ze
d 

  
  

  
Pr

im
ar

y 
Ta

nk
 H

ea
te

rs
: 

D
ee

ne
rg

iz
ed

 a
t 7

00
 F

 
B

ul
k 

N
a 

Te
m

p 

Li
m

ita
tio

ns
: R

C
S 

H
/U

 
R

at
e 

10
 F

/H
r M

ax
 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
En

er
gi

ze
d 

– 
V

ar
ia

bl
e 

ou
tp

ut
 b

as
ed

 o
n 

B
ul

k 
N

a 
Te

m
p 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
D

ee
ne

rg
iz

ed
 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
D

ee
ne

rg
iz

ed
 

Se
co

nd
ar

y 
(S

ec
.) 

So
di

um
 (N

a)
 

Sy
st

em
 

Se
c.

 N
a 

Pu
m

p:
 S

/D
 

Se
c.

 N
a 

Pu
m

p:
 S

/D
 

Se
c.

 N
a 

Pu
m

p:
 

V
ar

ia
bl

e 
gp

m
 to

 
m

ai
nt

ai
n 

bu
lk

 N
a 

te
m

p 
69

5-
70

5 
F 

Se
c.

 N
a 

Pu
m

p:
 

V
ar

ia
bl

e 
gp

m
 to

 
m

ai
nt

ai
n 

bu
lk

 N
a 

te
m

p 
69

5-
70

5 
F 

Se
c.

 N
a 

Pu
m

p:
 8

6 
%

 / 
51

60
 g

pm
 

Se
c.

 N
a 

Pu
m

p:
 8

6 
%

 / 
51

60
 g

pm
 

  
Se

c.
 N

a 
Te

m
p:

 N
/A

 
Se

c.
 N

a 
Te

m
p:

 N
/A

 
A

rg
on

 P
re

ss
: 6

-7
 p

si
g 

Se
c.

 N
a 

Te
m

p 
to

 
St

ea
m

 D
ru

m
: 8

66
 F

 
Se

c.
 N

a 
Te

m
p 

to
 

St
ea

m
 D

ru
m

: 8
66

 F
 

Se
c.

 N
a 

Te
m

p 
to

 
St

ea
m

 D
ru

m
: 8

66
 F

 

  
Pr

es
s:

 N
/A

 
Pr

es
s:

 N
/A

 
  

Se
c.

 N
a 

Te
m

p 
Fr

om
 

St
ea

m
 D

ru
m

: 5
88

 F
 

Se
c.

 N
a 

Te
m

p 
Fr

om
 

St
ea

m
 D

ru
m

: 5
90

 F
 

Se
c.

 N
a 

Te
m

p 
Fr

om
 

St
ea

m
 D

ru
m

: 5
90

 F
 

  
A

rg
on

 P
re

ss
: N

/A
 

A
rg

on
 P

re
ss

: N
/A

 
  

A
rg

on
 P

re
ss

: 6
-7

 p
si

g 
A

rg
on

 P
re

ss
: 6

-7
 p

si
g 

A
rg

on
 P

re
ss

: 6
-7

 p
si

g 

  
  

 N
ot

e:
 If

 sy
st

em
 is

 
dr

ai
ne

d 
fo

r 
m

ai
nt

en
an

ce
 b

ot
h 

Pr
im

ar
y 

an
d 

Se
co

nd
ar

y 
N

a 
te

m
p 

sh
ou

ld
 b

e 
le

ss
 th

an
 

35
0 

F 

  
  

  
  

E
m

er
ge

nc
y 

Sh
ut

do
w

n 
C

oo
le

rs
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
  

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

5 

EB
R
II

N
or
m
al
O
pe

ra
tio

ns
St
at
e
M
at
rix

 

Sy
st

em
/ M

od
e 

U
nr

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
Pl

an
t (

C
ol

d)
 

Sh
ut

do
w

n 
Pl

an
t (

H
ea

tu
p)

 
St

ar
tu

p 
Pl

an
t (

H
ot

) 
St

an
db

y 
Po

w
er

 O
pe

ra
tio

n 
(S

te
ad

y 
Po

w
er

) 
R

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
 

  
N

ot
e:

 S
/D

 C
oo

le
rs

 c
an

 
be

 u
se

d 
to

 a
ss

is
t p

la
nt

 
co

ol
 d

ow
n 

(d
am

pe
rs

 
op

en
) 

N
ot

e:
 S

/D
 C

oo
le

rs
 c

an
 

be
 u

se
d 

to
 a

ss
is

t p
la

nt
 

co
ol

 d
ow

n 
(d

am
pe

rs
 

op
en

) 

  
  

  
  

T
ur

bi
ne

 G
en

er
at

or
 

O
ff

lin
e 

O
ff

lin
e 

N
ot

e:
 T

ur
bi

ne
 

G
en

er
at

or
 w

ill
 b

e 
un

lo
ad

ed
 a

t R
x 

Po
w

er
 

18
-2

0 
M

W
t 

Tu
rb

in
e 

w
ar

m
-u

p 
in

 
pr

og
re

ss
 

C
on

de
ns

er
 p

ro
vi

di
ng

 
st

ea
m

 d
um

p 
Tu

rb
in

e 
G

en
er

at
or

: 
Lo

ad
ed

 
Tu

rb
in

e 
G

en
er

at
or

: 
Lo

ad
ed

 

  
  

 C
on

de
ns

er
 p

ro
vi

di
ng

 
st

ea
m

 d
um

p 
  

  
Po

w
er

 O
ut

pu
t: 

20
 

M
W

e 
Po

w
er

 O
ut

pu
t: 

20
 

M
W

e 

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
  

O
ff

lin
e.

 T
yp

ic
al

ly
 

dr
ai

ne
d 

fo
r w

or
k 

on
 

m
uc

h 
of

 c
on

de
ns

at
e 

an
d 

fe
ed

w
at

er
 sy

st
em

 

O
ff

lin
e.

 T
yp

ic
al

ly
 

dr
ai

ne
d 

fo
r w

or
k 

on
 

m
uc

h 
of

 c
on

de
ns

at
e 

an
d 

fe
ed

w
at

er
 sy

st
em

 

Fi
lle

d 
an

d 
ve

nt
ed

. 
Pe

rh
ap

s b
ei

ng
 

re
ci

rc
ul

at
ed

 b
y 

op
er

at
in

g 
co

nd
en

sa
te

 
pu

m
ps

 to
 c

le
an

 p
ip

in
g 

an
d 

w
at

er
 to

 
ac

ce
pt

ab
le

 p
ur

ity
 a

nd
 

lo
w

 o
xy

ge
n 

le
ve

ls
 

Fi
lle

d 
an

d 
ve

nt
ed

. 
B

ei
ng

 re
ci

rc
ul

at
ed

 b
y 

op
er

at
in

g 
co

nd
en

sa
te

 
pu

m
p 

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
s i

n 
no

rm
al

 o
pe

ra
tio

na
l 

m
od

es
 

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
s i

n 
no

rm
al

 o
pe

ra
tio

na
l 

m
od

es
 

  
  

  
St

ar
tu

p 
Fe

ed
 P

um
p 

or
 

Em
er

ge
nc

y 
Fe

ed
w

at
er

 
Pu

m
p 

m
ai

nt
ai

ni
ng

 
st

ea
m

 d
ru

m
 le

ve
l. 

St
ar

tu
p 

Fe
ed

 P
um

p 
or

 
Em

er
ge

nc
y 

Fe
ed

w
at

er
 

Pu
m

p 
m

ai
nt

ai
ni

ng
 

st
ea

m
 d

ru
m

 le
ve

l a
nd

 
ci

rc
ul

at
in

g 
ya

rd
 li

ne
s. 

H
ot

w
el

l L
ev

el
: 2

6-
29

 
in

. 
H

ot
w

el
l L

ev
el

: 2
6-

29
 

in
. 

  
  

  
  

 F
ee

dw
at

er
 T

em
p.

 
32

0-
33

0 
F 

Fe
ed

w
at

er
 T

em
p:

 5
50

 
F 

Fe
ed

w
at

er
 T

em
p:

 5
50

 
F 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

6 

EB
R
II

N
or
m
al
O
pe

ra
tio

ns
St
at
e
M
at
rix

 

Sy
st

em
/ M

od
e 

U
nr

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
Pl

an
t (

C
ol

d)
 

Sh
ut

do
w

n 
Pl

an
t (

H
ea

tu
p)

 
St

ar
tu

p 
Pl

an
t (

H
ot

) 
St

an
db

y 
Po

w
er

 O
pe

ra
tio

n 
(S

te
ad

y 
Po

w
er

) 
R

es
tr

ic
te

d 
Fu

el
 

H
an

dl
in

g 
 

  
  

  
  

 
C

on
de

ns
at

e 
Pu

m
ps

: 1
 

Pu
m

p 
in

 R
un

 / 
1 

St
by

 
C

on
de

ns
at

e 
Pu

m
ps

: 1
 

Pu
m

p 
in

 R
un

 / 
1 

St
by

 

  
  

  
  

  
Fe

ed
w

at
er

 P
um

ps
: 1

 
Pu

m
p 

in
 R

un
 / 

1 
St

by
 

Fe
ed

w
at

er
 P

um
ps

: 1
 

Pu
m

p 
in

 R
un

 / 
1 

St
by

 

M
ai

n 
St

ea
m

 
A

tm
os

ph
er

ic
 P

re
ss

ur
e 

A
tm

os
ph

er
ic

 P
re

ss
ur

e 
St

ea
m

 b
ei

ng
 d

um
pe

d 
to

 c
on

de
ns

er
 

M
ai

n 
st

ea
m

 li
ne

s 
be

in
g 

he
at

ed
. S

te
am

 
th

ro
ug

h 
A

tm
os

ph
er

ic
 

D
um

p 
V

al
ve

s o
r t

o 
co

nd
en

se
r v

ia
 tu

rb
in

e 
by

pa
ss

 sy
st

em
 

St
ea

m
 P

re
ss

ur
e:

 1
25

0 
ps

ig
 

St
ea

m
 P

re
ss

ur
e:

 1
25

0 
ps

ig
 

  
  

  
  

  
St

ea
m

 T
em

p:
 8

20
 F

 
St

ea
m

 T
em

p:
 8

20
 F

 

E
va

po
ra

to
rs

/ 
Su

pe
rh

ea
te

rs
 

O
ff

lin
e.

 T
yp

ic
al

ly
 

dr
ai

ne
d 

fo
r w

or
k 

on
 

m
uc

h 
of

 c
on

de
ns

at
e 

an
d 

fe
ed

w
at

er
 sy

st
em

. 

O
ff

lin
e.

 T
yp

ic
al

ly
 

dr
ai

ne
d 

fo
r w

or
k 

on
 

m
uc

h 
of

 c
on

de
ns

at
e 

an
d 

fe
ed

w
at

er
 sy

st
em

. 

M
ai

nt
ai

n 
Su

pe
rh

ea
te

r 
an

d 
Ev

ap
or

at
or

 S
he

ll 
Te

m
ps

 0
-5

0 
F 

> 
Tu

be
 

Te
m

p 

M
ai

nt
ai

n 
Su

pe
rh

ea
te

r 
an

d 
Ev

ap
or

at
or

 S
he

ll 
Te

m
ps

 0
-5

0 
F 

> 
Tu

be
 

Te
m

p 

Fu
lly

 O
pe

ra
tio

na
l 

N
a 

Te
m

p 
fr

om
 

Ev
ap

or
at

or
s:

 5
90

 F
 

N
a 

Te
m

p 
to

 
Su

pe
rh

ea
te

rs
: 8

66
 F

 

Fu
lly

 O
pe

ra
tio

na
l 

Fu
el

 H
an

dl
in

g 
&

 
A

ss
oc

ia
te

d 
E

qu
ip

m
en

t 

Sm
al

l /
 L

ar
ge

 R
ot

at
in

g 
Pl

ug
s:

 H
ea

te
d 

to
 a

llo
w

 
ro

ta
tio

n 

R
ea

ct
or

 V
es

se
l C

ov
er

: 
D

ep
en

ds
 o

n 
w

or
k 

to
 

be
 p

er
fo

rm
ed

 

R
ea

ct
or

 V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
ea

ct
or

 V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
ea

ct
or

 V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

Sm
al

l /
 L

ar
ge

 R
ot

at
in

g 
Pl

ug
s:

 F
ro

ze
n 

  
R

x 
V

es
se

l C
ov

er
: 

U
p/

U
nl

oc
ke

d 
  

  
  

  
R

ea
ct

or
 V

es
se

l C
ov

er
: 

D
ow

n/
Lo

ck
ed

 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

7 

Ta
bl
e
5:
EB
R
II
St
at
e
M
at
ri
x
fo
r
Pr
im
ar
y
Sy
st
em

s
an
d
Ab
no
rm

al
Co
nd
it
io
ns

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

In
iti

al
 In

di
ca

tio
ns

 
N

/A
 

H
yd

ro
ge

n 
M

et
er

 L
ea

k 
D

et
ec

to
r (

H
M

LD
) 

al
ar

m
 

A
ll 

ro
ds

 o
n 

bo
tto

m
 

(r
od

 b
ot

to
m

 li
gh

ts
 li

t) 
In

cr
ea

si
ng

 B
ul

k 
N

a 
Te

m
p 

A
ll 

ro
ds

 o
n 

bo
tto

m
 

(r
od

 b
ot

to
m

 li
gh

ts
 li

t) 
A

ut
o 

R
x 

Sc
ra

m
 

  
  

C
ov

er
 G

as
 M

et
er

 L
ea

k 
D

et
ec

to
r (

C
H

M
LD

) 
al

ar
m

 

Ea
rth

qu
ak

e 
al

ar
m

s  
In

cr
ea

si
ng

 p
rim

ar
y 

ta
nk

 c
ov

er
 g

as
 te

m
p.

 
  

R
C

Ps
 d

ee
ne

rg
iz

ed
 

  
  

In
cr

ea
si

ng
 H

yd
ro

ge
n 

(H
2)

 le
ve

l S
ec

. N
a 

 
Fu

ll 
R

x 
B

ui
ld

in
g 

Is
ol

at
io

n 
D

ec
re

as
in

g 
IH

X
 S

ec
. 

N
a 

ou
tle

t t
em

p 
 

  
T-

G
 T

rip
s 

  
  

H
ig

h 
Se

c.
 N

a 
Pr

es
s 

R
x 

B
ui

ld
in

g 
Ev

ac
ua

tio
n 

D
ec

re
as

in
g 

R
x 

Po
w

er
 

  
Se

c.
 N

a 
Pu

m
p 

Tr
ip

s 

  
  

Le
ak

 P
ro

be
 D

et
ec

to
r 

al
ar

m
s 

SB
B

 E
va

cu
at

io
n 

D
ec

re
as

in
g 

R
x 

D
el

ta
 

Te
m

p 
  

Se
c.

 N
a 

R
ec

irc
 P

um
ps

 
Tr

ip
 

  
  

Se
c.

 N
a 

R
el

ie
f H

ea
de

r 
flo

w
 a

la
rm

 
  

R
x 

B
ui

ld
in

g 
Ev

ac
ua

tio
n 

  
ED

G
s a

ut
o 

st
ar

t 

  
  

Se
c.

 N
a 

Sy
st

em
 

R
up

tu
re

 D
is

k 
al

ar
m

 
  

  
  

Pr
im

ar
y 

an
d 

Se
c.

 
H

ea
tin

g 
lo

st
 

  
  

SB
B

 E
va

cu
at

io
n 

  
  

  
M

aj
or

ity
 o

f e
le

ct
ric

 
pu

m
ps

 in
 p

la
nt

 
de

en
er

gi
ze

d 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

8 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

C
on

tr
ol

 R
od

s a
nd

 
Sa

fe
ty

 R
od

s 
N

or
m

al
 p

os
iti

on
 fo

r 
fu

ll 
po

w
er

 o
pe

ra
tio

ns
 

M
an

ua
l R

x 
Sc

ra
m

  
A

ut
o 

R
x 

Sc
ra

m
 

In
iti

al
: 

A
ut

o 
or

 M
an

ua
l R

x 
Sc

ra
m

  
A

ut
o 

R
x 

Sc
ra

m
 

 A
ll 

ro
ds

 o
n 

bo
tto

m
 

(r
od

 b
ot

to
m

 li
gh

ts
 li

t)  
  

  
A

ll 
ro

ds
 o

n 
bo

tto
m

 
(r

od
 b

ot
to

m
 li

gh
ts

 li
t) 

B
ul

k 
N

a 
Te

m
p 

= 
72

0 
F 

A
nt

ic
ip

at
or

y 
R

x 
S/

D
 

A
ll 

ro
ds

 o
n 

bo
tto

m
 

(r
od

 b
ot

to
m

 li
gh

ts
 li

t) 
A

ll 
ro

ds
 o

n 
bo

tto
m

 
(r

od
 b

ot
to

m
 li

gh
ts

 li
t) 

  
  

  
N

ot
e:

 V
al

id
at

in
g 

ro
ds

 
sc

ra
m

m
ed

 a
nd

 d
id

 n
ot

 
bi

nd
 /s

tic
k 

is
 

ex
tre

m
el

y 
im

po
rta

nt
 

Fi
na

l: 
 

If
 B

ul
k 

N
a 

Te
m

p 
= 

72
5 

F 

  
  

  
  

  
  

M
an

ua
l R

x 
Sc

ra
m

 
 

 

R
x 

C
oo

lin
g 

Sy
st

em
 

R
x 

C
oo

la
nt

 P
um

p 
(R

C
Ps

): 
10

0%
 F

lo
w

 
R

C
Ps

: 1
00

%
 F

lo
w

 
R

C
Ps

: 1
00

 %
 

In
iti

al
:  

R
C

Ps
: 1

00
%

 F
lo

w
 

R
C

Ps
: d

ee
ne

rg
iz

ed
 

  
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
R

C
Ps

: m
in

. f
lo

w
 fo

r 
30

 m
in

. 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) o
n 

ba
tte

ry
 

po
w

er
 

  
Pr

im
ar

y 
Fl

ow
: 1

00
 %

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: 1

00
 %

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: 1

00
%

 
(9

00
0 

gp
m

) 
A

ux
 P

um
p:

 1
00

%
 

(5
75

 g
pm

) 
Pr

im
ar

y 
Fl

ow
: 1

00
 %

 
(9

00
0 

gp
m

) 
Pr

im
ar

y 
Fl

ow
: A

ux
 

Pu
m

p 
on

ly
 (5

75
 g

pm
) 

  
B

ul
k 

N
a 

Te
m

p:
 6

95
 –

 
70

5 
F 

B
ul

k 
N

a 
Te

m
p:

 6
95

 –
 

70
5 

F 
B

ul
k 

N
a 

Te
m

p:
 6

95
 –

 
70

5 
F 

B
ul

k 
N

a 
Te

m
p:

 6
95

 –
 

70
5 

F 
an

d 
in

cr
ea

si
ng

 
B

ul
k 

N
a 

Te
m

p:
 6

95
 –

 
70

5 
F 

B
ul

k 
N

a 
Te

m
p:

 6
95

 –
 

70
5 

F 
an

d 
in

cr
ea

si
ng

 

  
D

el
ta

 T
em

p:
 1

83
 F

 
D

el
ta

 T
em

p:
 1

83
 F

 
an

d 
de

cr
ea

si
ng

 
D

el
ta

 T
em

p:
 1

83
 F

  
D

el
ta

 T
em

p:
 1

83
 F

 
an

d 
de

cr
ea

si
ng

 
D

el
ta

 T
em

p:
 1

83
 F

 
an

d 
de

cr
ea

si
ng

 
D

el
ta

 T
em

p:
 1

83
 F

 
an

d 
ra

pi
dl

y 
de

cr
ea

si
ng

 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 5

9 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

  
C

or
e 

co
ol

in
g:

 IH
X

 
C

or
e 

co
ol

in
g:

 IH
X

 
C

or
e 

co
ol

in
g:

  
C

or
e 

co
ol

in
g:

 IH
X

 
an

d 
S/

D
 C

oo
le

rs
 

C
or

e 
co

ol
in

g:
 IH

X
 

C
or

e 
co

ol
in

g:
 IH

X
 

an
d 

S/
D

 C
oo

le
rs

 

  
R

x 
Po

w
er

: 1
00

%
 (6

2.
5 

M
W

t) 
R

x 
Po

w
er

: 0
%

  
R

x 
Po

w
er

: 0
%

 
R

x 
Po

w
er

: 1
00

%
 (6

2.
5 

M
W

t) 
an

d 
de

cr
ea

si
ng

 
R

x 
Po

w
er

: 0
%

  
R

x 
Po

w
er

: 0
%

 (0
 

M
W

t) 

  
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 
C

ov
er

 G
as

: 6
-7

 p
si

g 

  
Pr

im
ar

y 
Ta

nk
 H

ea
te

rs
: 

D
ee

ne
rg

iz
ed

 
Pr

im
ar

y 
Ta

nk
 H

ea
te

rs
: 

D
ee

ne
rg

iz
ed

 
Pr

im
ar

y 
Ta

nk
 H

ea
te

rs
: 

En
er

gi
ze

d 
– 

V
ar

ia
bl

e 
ou

tp
ut

 b
as

ed
 o

n 
B

ul
k 

N
a 

Te
m

p 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
D

ee
ne

rg
iz

ed
 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
D

ee
ne

rg
iz

ed
 

Pr
im

ar
y 

Ta
nk

 H
ea

te
rs

: 
D

ee
ne

rg
iz

ed
 

  
  

  
  

Fi
na

l: 
 

30
 M

in
. a

fte
r R

x 
S/

D
 

or
 S

cr
am

 se
cu

re
 R

C
Ps

 

  
  

Se
co

nd
ar

y 
(S

ec
.) 

So
di

um
 (N

a)
 

Sy
st

em
 

Se
c.

 N
a 

Pu
m

p:
 8

6 
%

 / 
51

60
 g

pm
 

In
iti

al
: 

Se
c.

 N
a 

Pu
m

p:
 

V
ar

ia
bl

e 
gp

m
 to

 
m

ai
nt

ai
n 

bu
lk

 N
a 

te
m

p 
69

5-
70

5 
F 

In
iti

al
:  

In
iti

al
:  

St
ea

m
 D

ru
m

 L
ev

el
 

In
di

ca
te

d:
 

  
Se

c.
 N

a 
Te

m
p 

to
 

St
ea

m
 D

ru
m

: 8
66

 F
 

Pr
es

s S
od

iu
m

 B
oi

le
r 

B
ui

ld
in

g 
(S

B
B

) F
ire

 
Pu

sh
 B

ut
to

n 
(P

/B
) 

Se
c.

 N
a 

Te
m

p 
to

 
St

ea
m

 D
ru

m
: 8

66
 F

 
Se

c.
 N

a 
Pu

m
p:

 P
um

p 
tri

pp
ed

 –
 o

ff
 (S

cr
am

) 
Se

c.
 N

a 
Pu

m
p:

 P
um

p 
tri

pp
ed

 –
 o

ff
 

Se
c.

 N
a 

Pu
m

p:
 0

.1
-0

.3
 

%
 o

n 
A

lte
rn

at
e 

Pw
r 

  
Se

c.
 N

a 
Te

m
p 

Fr
om

 
St

ea
m

 D
ru

m
: 5

90
 F

 
Fi

re
 P

/B
 c

au
se

 tr
ip

s 
Se

c.
 N

a 
Pu

m
p 

an
d 

R
ec

irc
. P

um
ps

 

Se
c.

 N
a 

Te
m

p 
Fr

om
 

St
ea

m
 D

ru
m

: 5
88

 F
 

Fi
na

l: 
Fi

na
l: 

A
rg

on
 P

re
ss

: 6
-7

 p
si

g 
 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 6

0 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

  
A

rg
on

 P
re

ss
: 6

-7
 p

si
g 

Se
c.

 N
a 

Pu
m

p:
 

D
ee

ne
rg

iz
ed

 (n
ot

 
re

st
ar

te
d)

 

A
rg

on
 P

re
ss

: 6
-7

 p
si

g 
R

es
ta

rt 
Se

c.
 N

a 
Pu

m
p 

(a
lte

rn
at

e 
po

w
er

) 
w

he
n 

B
ul

k 
N

a 
Te

m
p 

= 
69

0 
F 

R
es

ta
rt 

Se
c.

 N
a 

Pu
m

p 
(a

lte
rn

at
e 

po
w

er
) 

w
he

n 
B

ul
k 

N
a 

Te
m

p 
= 

69
0 

F 

  

  
  

Fi
na

l: 
  

Se
c.

 N
a 

Pu
m

p 
V

ar
ia

bl
e 

gp
m

 to
 

m
ai

nt
ai

n 
bu

lk
 N

a 
te

m
p 

69
5-

70
5 

F 

Se
c.

 N
a 

Pu
m

p 
V

ar
ia

bl
e 

gp
m

 to
 

m
ai

nt
ai

n 
bu

lk
 N

a 
te

m
p 

69
5-

70
5 

F 

St
ea

m
 D

ru
m

 L
ev

el
 

N
ot

 In
di

ca
te

d:
 

  
  

D
um

p 
Se

c.
 N

a 
to

 S
ec

. 
N

a 
D

ra
in

 T
an

k 
an

d 
al

lo
w

 to
 c

oo
l t

o 
am

bi
en

t 

  
A

rg
on

 P
re

ss
: 6

-7
 p

si
g 

A
rg

on
 P

re
ss

: 6
-7

 p
si

g 
Se

c.
 N

a 
Pu

m
p:

 
D

ee
ne

rg
iz

ed
 

  
  

  
  

  
  

Se
c.

 A
rg

on
 S

ys
:  

  
  

  
  

  
  

V
en

te
d 

D
um

p 
Se

c.
 N

a 
to

 S
ec

. 
N

a 
D

ra
in

 T
an

k 
an

d 
al

lo
w

ed
 to

 c
oo

l t
o 

am
bi

en
t 

E
m

er
ge

nc
y 

Sh
ut

do
w

n 
(S

/D
) 

C
oo

le
rs

 

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

S/
D

 C
oo

le
r L

ou
ve

rs
 

O
pe

n 
w

he
n 

B
ul

k 
N

a 
 

O
pe

ra
tio

na
lly

 R
ea

dy
 

S/
D

 C
oo

le
r L

ou
ve

rs
 

O
pe

n 
w

he
n 

B
ul

k 
N

a 
 

  
  

  
  

Te
m

p 
= 

71
0 

F 
  

Te
m

p 
= 

71
0 

F 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 6

1 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

  
  

  
  

  
  

Sh
ut

 S
/D

 L
ou

ve
rs

 if
 

B
ul

k 
N

a 
Te

m
p 

< 
69

0 
F 

T
ur

bi
ne

 G
en

er
at

or
 

(T
-G

) 
T-

G
: L

oa
de

d 
T-

G
: T

rip
pe

d 
C

on
de

ns
er

 p
ro

vi
di

ng
 

st
ea

m
 d

um
p 

T-
G

: T
rip

pe
d 

T-
G

: T
rip

pe
d 

T-
G

: T
rip

pe
d 

  
Po

w
er

 O
ut

pu
t: 

20
 

M
W

e 
Po

w
er

 O
ut

pu
t: 

0 
M

W
e 

  
Po

w
er

 O
ut

pu
t: 

0 
M

W
e 

Po
w

er
 O

ut
pu

t: 
0 

M
W

e 
Po

w
er

 O
ut

pu
t: 

0 
M

W
e 

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
 

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
s i

n 
no

rm
al

 o
pe

ra
tio

na
l 

m
od

es
 

FW
Ps

: D
ee

ne
rg

iz
ed

  
Fi

lle
d 

an
d 

ve
nt

ed
. 

B
ei

ng
 re

ci
rc

ul
at

ed
 b

y 
op

er
at

in
g 

co
nd

en
sa

te
 

pu
m

p 

In
iti

al
:  

In
iti

al
:  

St
ea

m
 D

ru
m

 L
ev

el
 

In
di

ca
te

d:
 

  
  

C
on

de
ns

at
e 

an
d 

Fe
ed

w
at

er
 S

ys
te

m
 

be
in

g 
S/

D
 

  
Fe

ed
w

at
er

 S
ys

te
m

 in
 

m
an

ua
l c

on
tro

l t
o 

m
ai

nt
ai

n 
st

ea
m

 d
ru

m
 

le
ve

l 3
0 

in
ch

es
 

Fe
ed

w
at

er
 S

ys
te

m
 in

 
m

an
ua

l c
on

tro
l t

o 
m

ai
nt

ai
n 

st
ea

m
 d

ru
m

 
le

ve
l 3

0 
in

ch
es

 

Em
er

ge
nc

y 
Fe

ed
w

at
er

 
Pu

m
p 

m
ai

nt
ai

ni
ng

 
st

ea
m

 d
ru

m
 le

ve
l a

nd
 

ci
rc

ul
at

in
g 

ya
rd

 li
ne

s. 

  
H

ot
w

el
l L

ev
el

: 2
6-

29
 

in
. 

  
St

ar
tu

p 
Fe

ed
 P

um
p 

or
 

Em
er

ge
nc

y 
Fe

ed
w

at
er

 
Pu

m
p 

m
ai

nt
ai

ni
ng

 
st

ea
m

 d
ru

m
 le

ve
l a

nd
 

ci
rc

ul
at

in
g 

ya
rd

 li
ne

s. 

C
on

de
ns

at
e 

Pu
m

ps
: 1

 
R

un
 / 

1 
St

by
 

C
on

de
ns

at
e 

Pu
m

ps
: 1

 
R

un
 / 

1 
St

by
 

  

  
Fe

ed
w

at
er

 T
em

p:
 5

50
 

F 
  

  
Fe

ed
w

at
er

 P
um

ps
 

(F
W

P)
: 1

 R
un

 / 
1 

St
by

 
Fe

ed
w

at
er

 P
um

ps
 

(F
W

P)
: 1

 R
un

 / 
1 

St
by

 
St

ea
m

 D
ru

m
 L

ev
el

 
N

ot
 In

di
ca

te
d:

 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 6

2 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

  
  

  
Fe

ed
w

at
er

 T
em

p.
 3

20
-

33
0 

F 
  

  
Em

er
ge

nc
y 

Fe
ed

w
at

er
 

Pu
m

p:
 d

ee
ne

rg
iz

ed
 

  
C

on
de

ns
at

e 
Pu

m
ps

: 1
 

R
un

 / 
1 

St
by

  

Fe
ed

w
at

er
 P

um
ps

: 1
 

R
un

 / 
1 

St
by

 

  
  

Fi
na

l: 
 

C
on

de
ns

at
e 

Pu
m

ps
: 1

 
R

un
 / 

1 
St

by
 

Fi
na

l: 
 

C
on

de
ns

at
e 

Pu
m

ps
: 1

 
R

un
 / 

1 
St

by
 

  

  
 

  
  

FW
Ps

: S
ec

ur
ed

 
FW

Ps
: S

ec
ur

ed
 

  

M
ai

n 
St

ea
m

 
St

ea
m

 P
re

ss
ur

e:
 1

25
0 

ps
ig

 
St

ea
m

 d
ru

m
 is

ol
at

ed
 

on
 F

W
 a

nd
 S

te
am

 si
de

 
M

ai
n 

st
ea

m
 li

ne
s 

be
in

g 
he

at
ed

. S
te

am
 

th
ro

ug
h 

A
tm

os
ph

er
ic

 
D

um
p 

V
al

ve
s o

r t
o 

co
nd

en
se

r v
ia

 tu
rb

in
e 

by
pa

ss
 sy

st
em

 

St
ea

m
 P

re
ss

ur
e:

 1
25

0 
ps

ig
 a

nd
 ra

pi
dl

y 
lo

w
er

in
g 

St
ea

m
 P

re
ss

ur
e:

 1
25

0 
ps

ig
 a

nd
 ra

pi
dl

y 
lo

w
er

in
g 

St
ea

m
 D

ru
m

 L
ev

el
 

In
di

ca
te

d:
  

M
ai

n 
St

ea
m

 S
to

p 
sh

ut
 

  
St

ea
m

 T
em

p:
 8

20
 F

 
St

ea
m

 D
um

p 
V

al
ve

 
ac

tu
at

ed
: i

m
m

ed
ia

te
ly

 
dr

ai
ns

 S
te

am
 D

ru
m

 to
 

St
ea

m
 G

en
er

at
or

 
W

at
er

 D
um

p 
Sy

st
em

 
(S

G
W

D
S)

 

  
St

ea
m

 T
em

p:
 8

20
 F

 
an

d 
ra

pi
dl

y 
lo

w
er

in
g 

St
ea

m
 T

em
p:

 8
20

 F
 

an
d 

ra
pi

dl
y 

lo
w

er
in

g 
St

ea
m

 D
ru

m
 L

ev
el

 
N

ot
 In

di
ca

te
d:

  

St
ea

m
 d

ru
m

 is
ol

at
ed

 
on

 F
W

 a
nd

 S
te

am
 si

de
 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 6

3 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

  
G

en
er

at
or

 P
ow

er
: 2

0 
M

W
e 

Fi
ll 

St
ea

m
 D

ru
m

 
(w

at
er

 si
de

) w
ith

 
A

rg
on

 g
as

 

  
  

  
St

ea
m

 D
um

p 
V

al
ve

 
ac

tu
at

ed
: i

m
m

ed
ia

te
ly

 
dr

ai
ns

 S
te

am
 D

ru
m

 to
 

St
ea

m
 G

en
er

at
or

 
W

at
er

 D
um

p 
Sy

st
em

 
(S

G
W

D
S)

 

E
va

po
ra

to
rs

/ 
Fu

lly
 O

pe
ra

tio
na

l 
R

ap
id

 d
ra

in
 o

n 
N

a 
an

d 
W

at
er

 si
de

s 
M

ai
nt

ai
n 

Su
pe

rh
ea

te
r 

an
d 

Ev
ap

or
at

or
 S

he
ll 

Te
m

ps
 0

-5
0 

F 
> 

Tu
be

 
Te

m
p 

Fu
lly

 O
pe

ra
tio

na
l 

Fu
lly

 O
pe

ra
tio

na
l 

St
ea

m
 D

ru
m

 L
ev

el
 

N
ot

 In
di

ca
te

d:
  

R
ap

id
 d

ra
in

 o
n 

N
a 

an
d 

W
at

er
 si

de
s 

Su
pe

rh
ea

te
rs

 
N

a 
Te

m
p 

fr
om

 
Ev

ap
or

at
or

s:
 5

90
 F

 
C

oo
lin

g 
to

w
ar

ds
 

am
bi

en
t t

em
pe

ra
tu

re
 

  
N

a 
Te

m
p 

fr
om

 
Ev

ap
or

at
or

s:
 5

90
 F

 
an

d 
lo

w
er

in
g 

N
a 

Te
m

p 
fr

om
 

Ev
ap

or
at

or
s:

 5
90

 F
 

an
d 

lo
w

er
in

g 

C
oo

lin
g 

to
w

ar
ds

 
am

bi
en

t t
em

pe
ra

tu
re

 

  
N

a 
Te

m
p 

to
 

Su
pe

rh
ea

te
rs

: 8
66

 F
 

  
  

N
a 

Te
m

p 
to

 
Su

pe
rh

ea
te

rs
: 8

66
 F

 
an

d 
lo

w
er

in
g 

N
a 

Te
m

p 
to

 
Su

pe
rh

ea
te

rs
: 8

66
 F

 
an

d 
lo

w
er

in
g 

D
ry

 la
yu

p 

Fu
el

 H
an

dl
in

g 
&

 
A

ss
oc

ia
te

d 
E

qu
ip

m
en

t 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

R
x 

V
es

se
l C

ov
er

: 
D

ow
n/

Lo
ck

ed
 

  
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
s f

ro
ze

n 
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
s f

ro
ze

n 
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
s f

ro
ze

n 
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
s f

ro
ze

n 
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
s f

ro
ze

n 
La

rg
e 

&
 S

m
al

l P
lu

g 
se

al
 h

ea
te

rs
 p

ow
er

 
su

pp
ly

 sw
itc

he
d 

to
 

em
er

ge
nc

y 
po

w
er

 



O
pe

ra
tio

na
l C

on
ce

pt
s f

or
 A

dv
an

ce
d 

Sm
al

l M
od

ul
ar

 R
ea

ct
or

s 

 
pa

ge
 6

4 

E
B

R
-I

I -
 A

bn
or

m
al

 O
pe

ra
tio

ns
 S

ta
te

 M
at

ri
x 

Sy
st

em
/ M

od
e 

Po
w

er
 O

pe
ra

tio
n 

(S
te

ad
y 

Po
w

er
) 

In
iti

al
 C

on
di

tio
n 

fo
r 

A
ll 

E
ve

nt
s 

Se
c.

 N
a 

– 
W

at
er

 to
 

N
a 

L
ea

k 
E

ar
th

qu
ak

e 
(M

in
or

) 
M

aj
or

 N
a 

L
ea

k 
in

 
R

x 
O

ut
le

t P
ip

in
g 

R
ea

ct
or

 (R
x)

 
Sc

ra
m

 

(M
an

ua
l o

r 
A

ut
om

at
ic

) 

L
os

s O
f N

or
m

al
 

E
le

ct
ri

c 
Po

w
er

 

E
le

ct
ri

c 
Pl

an
t 

Em
er

ge
nc

y 
D

ie
se

l 
G

en
er

at
or

s 

(E
D

G
s)

: I
n 

St
by

 

ED
G

s:
 In

 S
tb

y 
ED

G
s:

 In
 S

tb
y 

ED
G

s:
 In

 S
tb

y 
ED

G
s:

 In
 S

tb
y 

ED
G

s:
 In

 R
un

 a
nd

 
lo

ad
ed

 su
pp

ly
in

g 
em

er
ge

nc
y 

el
ec

tri
ca

l 
di

st
rib

ut
io

n 
pa

ne
ls

 



Operational Concepts for Advanced Small Modular Reactors 

 page 65 

9.2 Appendix B: Operating Scenarios 
9.2.1 Secondary Na System: Water to Na Leak (Emergency Procedure EP 3-8) 
Ite
m

Item Name Item Description

1 Scenario ID Event 1

2 Name Secondary Na System: Water to Na Leak (EP 3 8)

3 Type

4 Scenario Description
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Ite
m

Item Name Item Description

5 Related function

6 Mode/state Initial

Final

7 Initiating conditions  
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Ite
m

Item Name Item Description
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Ite
m

Item Name Item Description

8 Start state(s) Reactor:

Electric Plant:

Primary Sodium Systems:

Emergency Shutdown Coolers:

Secondary Sodium Systems:
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Ite
m

Item Name Item Description

9 End state(s) Reactor:

Electric Plant:

Primary Sodium Systems:

Emergency Shutdown Coolers:

Secondary Sodium Systems:
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Ite
m

Item Name Item Description

Condensate and Feedwater Systems

Main Steam System:

Evaporators & Superheaters:

Fuel Handling and Associated Equipment:
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Ite
m

Item Name Item Description

10 Related system

11 Personnel Involved

12 Operator role

 

 

13 Task Location

14 Operator main
functions

Shift Manager (SM)

Chemistry Technician

- 

- 

- 

- 
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Ite
m

Item Name Item Description

- 
- 

- 

Senior Reactor Operator (RO)

Panel Coolant Operator (PCO)

Secondary Sodium Operator (SSO)

SM

Power Plant Operator (PPO)

SM

SSO

Subsequent Actions:

SM

SSO

- 
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Ite
m

Item Name Item Description

- 

- 
- 
- 

SSO

SSO

SM

15 Potential
Performance Shaping
Factors

16 Sub functions

17 Execution/Performan
ce requirements

18 Timing

19 Sequence up/down

20 Information from
system

21 Information
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Ite
m

Item Name Item Description

transmittal method

22 Termination
indications

23 Potential Errors

24 Source documents

25 Cues to the Operator
(for commencement
of the action)

26 Diagnosis Required

27 Control and Display
Sufficiency

28 Feedback on the
Operation

29 Recovery
Opportunities if
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Ite
m

Item Name Item Description

Omitted

30 Consequences of
Failure/Non recovery

31 Technology
Recommendations

 

 

 

32 Operating Experience History of Sodium Leakage in Fast Reactors

 

 

 

 

 

Steam Generator Failures
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Ite
m

Item Name Item Description
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9.2.2 Reactor Scram (Manual or Automatic) – Generic (Emergency Procedure EP 2-1) 
Ite
m

Item Name Item Description

1 Scenario ID Event 2

2 Name Reactor Scram (Manual or Automatic) – Generic (EP 2 1)

3 Type

4 Scenario Description Emergency Procedure Overview

Control and Safety Drive Systems
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Ite
m

Item Name Item Description

Mechanics of a Reactor Scram

5 Related function

6 Mode/state Start:

Final

7 Initiating conditions
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Ite
m

Item Name Item Description

8 Start state(s) Reactor:

Electric Plant:

Primary Sodium Systems:

Emergency Shutdown Coolers

Secondary Sodium Systems:
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Ite
m

Item Name Item Description

Condensate and Feedwater Systems

Main Steam System:

Evaporators & Superheaters:

Fuel Handling and Associated Equipment:

9 End state(s) Reactor:
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Ite
m

Item Name Item Description

Electric Plant:

- 

Primary Sodium Systems:

Emergency Shutdown Coolers

Secondary Sodium Systems:
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Ite
m

Item Name Item Description

Condensate and Feedwater Systems:

Main Steam System:

Evaporators & Superheaters:

Fuel Handling and Associated Equipment:
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Ite
m

Item Name Item Description

10 Related system

11 Personnel Involved

12 Operator role

 

 

13 Task Location

14 Operator main
functions

Immediate actions:

Shift Manager (SM)

Reactor Operator (RO)

Panel Coolant Operator (PCO)

Power Plant Operator/Electric Plant Operator (PPO/EPO)
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Ite
m

Item Name Item Description

Subsequent Actions:

SRO

PCO

SSO

Crew

SRO

PPO

15 Potential Performance
Shaping Factors

16 Sub functions

17 Execution/Performan
ce requirements

18 Timing

19 Sequence up/down
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Ite
m

Item Name Item Description

20 Information from
system

21 Information
transmittal method

22 Termination
indications

 
 

 
 
 

23 Potential Errors

24 Source documents

25 Cues to the Operator
(for commencement of
the action)

26 Diagnosis Required

27 Control and Display
Sufficiency

28 Feedback on the
Operation

29 Recovery
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Ite
m

Item Name Item Description

Opportunities if
Omitted

30 Consequences of
Failure/Non recovery

31 Recommendations

Operating Experience Reactor Operation is Straightforward

 

 

 

 

 

Safety Testing in EBR II

 

 



Operational Concepts for Advanced Small Modular Reactors 

 page 87 

Ite
m

Item Name Item Description
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9.2.3 Earthquake (minor to moderate) (Emergency Procedure EP 1-7) 
Item Item Name Item Description

1 Scenario ID Event 3

2 Name Earthquake (minor to moderate) (EP 1 7)

3 Type

4 Scenario Description Hazards from an Earthquake

Additional Concerns

Earthquake Detection System

Detector Locations
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Item Item Name Item Description

5 Related function

6 Mode/state Start:

Final

7 Initiating conditions

8 Start state(s) Reactor:

Electric Plant:

Primary Sodium Systems:
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Item Item Name Item Description

Emergency Shutdown Coolers:

Secondary Sodium Systems:

Condensate and Feedwater Systems

Main Steam System:
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Item Item Name Item Description

Evaporators & Superheaters:

Fuel Handling and Associated Equipment:

9 End state(s) Reactor:

Electric Plant:

Primary Sodium Systems:
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Item Item Name Item Description

Emergency Shutdown Coolers:

Secondary Sodium Systems:

Condensate and Feedwater Systems:

Main Steam System:

Evaporators & Superheaters:
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Item Item Name Item Description

Fuel Handling and Associated Equipment:

10 Related system

11 Personnel Involved

12 Operator role

 
 

13 Task Location

14 Operator main
functions

Immediate Actions:

SM

SRO
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Item Item Name Item Description

PCO

PPO

SSO

Subsequent Actions:

SM

Crew

I&C Technician

15 Potential Performance
Shaping Factors

16 Sub functions

17 Execution/Performance
requirements

18 Timing

19 Sequence up/down

20 Information from
system
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Item Item Name Item Description

21 Information transmittal
method

22 Termination
indications

23 Potential Errors

24 Source documents

25 Cues to the Operator
(for commencement of
the action)

26 Diagnosis Required

27 Control and Display
Sufficiency

28 Feedback on the
Operation
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Item Item Name Item Description

29 Recovery Opportunities
if Omitted

30 Consequences of
Failure/Non recovery

31 Recommendations

Operating Experience Reactor Operation is Straightforward
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Item Item Name Item Description

Safety Testing in EBR II
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9.2.4 Loss of Normal Off-Site Power (not a Turbine Generator Fault) (Emergency 
Procedure EP 6-2) 

Item Item Name Item Description

1 Scenario ID Event 4

2 Name Loss of Normal Off Site Power (not a Turbine Generator Fault) (EP 6 2)

3 Type

4 Scenario Description Equipment Affected

General Overview

Most Critical Systems
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Item Item Name Item Description

Major Operational Objectives
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Item Item Name Item Description

5 Related function

6 Mode/state Start:

Final

7 Initiating conditions

8 Start state(s) Reactor:

Electric Plant:

Primary Sodium Systems:
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Item Item Name Item Description

Emergency Shutdown Coolers

Secondary Sodium Systems:

Condensate and Feedwater Systems

Main Steam System:

Evaporators & Superheaters:
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Item Item Name Item Description

Fuel Handling and Associated Equipment:

9 End state(s) Reactor:

Electric Plant:

Primary Sodium Systems:

Emergency Shutdown Coolers
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Item Item Name Item Description

Secondary Sodium Systems: (see actions for Drum Level Indication below)

*Steam Drum Level Indicated:

*Steam Drum Level Not Indicated (below sight glass level):

Condensate and Feedwater Systems:

(below sight glass level)
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Item Item Name Item Description

Main Steam System:

*Steam Drum Level Indicated:

*Steam Drum Level Not Indicated (below sight glass level):

Evaporators & Superheaters: (unless system is drained to Secondary Sodium
Drain Tank)

Fuel Handling and Associated Equipment:

10 Related system

11 Personnel Involved
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Item Item Name Item Description

12 Operator role

 
 

13 Task Location

14 Operator main
functions

Immediate actions:

Shift Manager (SM)

Reactor Operator (RO)

Panel Coolant Operator (PCO)

Power Plant Operator/Electric Plant Operator (PPO/EPO)
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Item Item Name Item Description

*

PPO

*

PPO

PCO

Secondary Sodium Operator (SSO)

Subsequent Actions:

SM

Field Coolant Operator (FCO)
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Item Item Name Item Description

Fuel Handling Crew

PPO/EPO

SSO

FCO
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Item Item Name Item Description

PPO

Restoration Actions:

PCO

PPO

15 Potential Performance
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Item Item Name Item Description

Shaping Factors

16 Sub functions

17 Execution/Performance
requirements

18 Timing

19 Sequence up/down

20 Information from
system

21 Information transmittal
method

22 Termination
indications

 
 

 
 
 

23 Potential Errors

24 Source documents

25 Cues to the Operator
(for commencement of
the action)
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Item Item Name Item Description

26 Diagnosis Required

27 Control and Display
Sufficiency

28 Feedback on the
Operation

 
 

 
 
 
 
 

29 Recovery Opportunities
if Omitted

30 Consequences of
Failure/Non recovery

31 Technology
Recommendations
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Item Item Name Item Description

 
 

 

Operating Experience Reactor Operation is Straightforward

Safety Testing in EBR II
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Item Item Name Item Description
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9.3 Appendix C: WDA Diagrams and Discussion 

9.3.1 Normal Operations 

Figure 12: Abstraction Hierarchy - Normal Operations 
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Physical 
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Effects

Physical 
Components
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contained
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removed
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and safe 
operating 
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Convert shaft 
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Manage Grid  
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Active 
Reactor 
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Optimize fuel  
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Maintain 
equipment  
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Manage 
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Maintain Fast  
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Manage & 
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environment

Fission heat  
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shaft power 
conversion

Natural 
Coolant 
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Control
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Coolant 
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1. Reactor 1.1 Reactor 
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1.2 Control 
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Rods
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2.2 Primary 
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pump
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Intermediate  
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Shutdown 
Cooling 
System
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Sodium 
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System
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System

4.4 
Condensate 

System
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Generator

5.1 Plant 
Cooling 
Water 

System

Fuel 
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Figure 13: Contextual Activities - Normal Operational Modes 

 

 

 

Examples:

Function Explanation 

Convert shaft power to electricity Electricity is only produced during full power operation 
and when the generator is synchronized to the grid. 

Maintain Active Reactor Cooling Active cooling is required during all conditions, except 
during Cold Shutdown and Unrestricted Fuel Handling. 

Maintain Equipment Integrity This function is always required, regardless of the 
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Function Explanation 

condition. 
Optimize Fuel Burnup Optimal fuel burnup is not possible during Cold 

Shutdown or Unrestricted Fuel Handling. All other 
conditions will allow optimal burnup. 

Figure 14: Contextual Activities - Anticipated Operating Occurrences 

Situations

Functions

Convert shaft 
power to electricity

Maintain Reactor  
Cooling

Maintain 
equipment 

integrity

Manage & control  
the operating 
environment

Fission heat 
production

Thermal power to  
shaft power 
conversion

Reactivity Control

Coolant 
Circulation 

(forced)

Sec. Na: H2O to 
Na Leak

Minor to Moderate 
Earthquake

Major Na Leak 
(Rx Outlet) Reactor Scram Loss of Off-site 

Power

Short 
duration only

Short 
duration only

Short 
duration only

Short 
duration only

Short 
duration only

Short 
duration only



Operational Concepts for Advanced Small Modular Reactors 

 page 116 

Primary Sodium Cooling System analysis

Figure 15: Abstraction Hierarchy - Primary Sodium Cooling System 
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Figure 16: Contextual Activities - Primary Sodium Cooling System 

9.3.2 Event Scenario 1: Loss of Normal Power 
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Figure 17: Abstraction Hierarchy - Loss of Normal Power 

Figure 18: Contextual Activities - Loss of Normal Power 
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Loss of normal power is defined as the the loss of power from the grid or the EBR-II  
turbine generator to the 13.8 kV bus. Many changes occur automatically: 1) the  
reactor scrams automatically, 2) the main primary pumps stop, 3) secondary  
sodium and recirculating pumps stop, 4) all electrical heating of the primary and  
secondary systems is lost, 5) 400 and 125 kV diesel generators start and load, 6) all  
motor driven pumps stop, except equipment supplied from UPS, e.g. turning gear  
oil pumps, seal oil pumps and the emergency feedwater charging pump.
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Figure 19: Strategies Analysis - Mitigation of autostart failure of EDGs 

Figure 20: Strategies Analysis - Mitigation of failed automatic scram 

9.3.3 Event 2: Water-to-sodium leak 
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Figure 21: Abstraction Hierarchy - Water-to-Sodium Leak 
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Figure 22: Contextual Activities - Water-to-Sodium Leak 

Figure 23: Strategies Analysis - Mitigation of Drain Systems Failure 
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Figure 24: Strategies Analysis - Mitigation of misdiagnosed condition 

9.3.4 Event 3: Earthquake (minor to moderate) 

Figure 25: Abstraction Hierarchy - Minor to Moderate Earthquake 
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An earthquake presents two hazards: 1) reactor shutdown may not be possible if  
control and safety rods or the drive mechanisms bind, and 2) piping sytems may fail,  
releasing water, sodium or high-pressure steam. The earthquake detection system  
scrams the reactor (control and safety rods). Operating action involves ensuring the  
reactor has scrammed and placing plant system in as safe a condition as possible.  
Depressurization and draining of some systems may be desirable. An earthquake may  
also cause a loss of electrical power, leading in severe cases to a station black-out.



Operational Concepts for Advanced Small Modular Reactors 

 page 123 

Figure 26: Contextual Activities - Minor to Moderate Earthquake 
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Figure 27: Strategies Analysis - Earthquake - Mitigation of Failed Automatic Scram 

Figure 28: Strategies Analysis – Earthquake - Mitigation of Personnel Injury 
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9.4 Appendix D: EBR-II Performance Shaping Factors 

 
 
 
 

9.4.1 PSF Analysis Method 

9.4.2 Identification of Performance Shaping Factors Used in the Analysis 

 Procedures

 Training

 Teamwork

 Fitness for Duty

 Cues and Feedback

 Complexity
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 I&C and Ergonomics

 Operator workload

 Timing

 Staffing and Resources

 Work Environment

Rating Meaning 
1 Strongly hinders performance 
2 Moderately hinders performance 
3 Weakly hinders performance 
4 Neutral or negligible influence 
5 Weakly helps performance 
6 Moderately helps performance 
7 Strongly helps performance 
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9.4.3 Scenario 1: Reactor Scram 

 
Figure 29: EBR-II PSF Analysis: General Reactor Scram 
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9.4.4 Scenario 2: Loss of Normal Power 
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Figure 30: EBR-II PSF Analysis: Loss of Normal Power 

In general, the PSF ratings when compared to the Reactor scram scenario were more negative for Loss of 
Normal Power.  This is consistent with the operator uncertainty regarding what systems would function, 
when power would be restored, sheer amount of work to be performed and just the general severity 
associated with loss of normal power.  

Procedures received a rating of “6” because they were clearly written, did a good job of considering 
multiple personnel and the requirements, transition to site-wide procedures for emergency action 
management, were well laid out, and straightforward.  Training was rated as neutral, there was no hands-
on training available for Loss of Normal Power and no simulator was available for EBR-II.  However, 
training in general was well administered and combined yearly exams, oral boards, and memorization.  
The shift foreman participated in site-wide emergency training and had experience in assuming the 
responsibilities of the on-scene commander.  Emergency response personnel also drilled on a regular 
basis.   
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9.4.5 Scenario 3: Water-to-Sodium Leak 
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Figure 31: EBR-II PSF Analysis: Water to Sodium Leak 
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9.4.6 Scenario 4: Minor-to-Moderate Earthquake 
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Figure 32: EBR-II PSF Analysis: Minor to Moderate Earthquake 
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9.4.7 Summary PSF Ratings and Conclusions 
 

 
Figure 33: EBR-II Summary PSF Analysis for 4 Scenarios 
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